topology to allow the cathode heater power to be derived from the same converter which supplied power to the corresponding anode. These power supplies were parallel converters with a switching frequency of 50 KHz. High voltage ignition pulses which were used to initiate the thruster discharges were generated by a pulse transformer which also acted as the output filter for the supplies. 7
The beam and accelerator power supplies were separate physically, but were controlled in unison during thruster operation. 
Data Acquisition
Three methods of data acquisition were utilized in the FIT. Digital Multimeters (DMMs) were used to directly measure all thruster voltages and currents. To eliminate the effects of cable losses, potential leads were attached to the thruster anode and main cathode to read the discharge voltage. The digital thruster data acquired by the BBPPU laC was stored at regular intervals on a hard disk drive connected to the BBPPU command and data terminal. In addition, the BBPPU also provided drivers for a strip chart recorder. The strip chart data are presented in the Results and Discussion section of this report.
Test Facility
The EMT was mounted on the centerline of the large space propulsion testbed at NASA LeRC (VF 5). VF 5 is a 4.6m x 19.5m cryopumped facility with a xenon pumping speed on the order of 300,000 I/s. 13 A block diagram of the test setup appears in Figure 3 .
BBPPU Operation
Of primary concern in the FIT was the operation and stability of the automated procedures in the BBPPU over the required input voltage and output power range. Prior to the FIT, the individual power supplies in the BBPPU had already been integrated with a Functional Model Thruster (FMT).9 The individual power supplies were also integrated into a single unit and operated with an FMT under manual control in previous developmental tests. Thus, the stability of the individual power supply control loops were proven to be stable. However, integration of the breadboard with the microcontroller resulted in some modifications to the power supplies to improve the noise immunity of the analog control voltages in the breadboard. These modifications were to later prove troublesome, and corrective actions were needed to return the BBPPU to specifications.
Thruster Start Procedure
Prior to thruster start, the flow rates are set to the values commensurate with full power operation, and the neutralizer and discharge power supplies are set to the heater output mode. The cathode heaters are energized for six minutes at full heater power. After six minutes, the neutralizer power supply is shut down, switched to anode mode and restarted with the pulse ignitor active. If the neutralizer cathode plasma discharge starts, the discharge power supply is shut down and restarted in a similar fashion. After discharge ignition, the thruster is allowed to operate without beam extraction for twenty seconds to allow the discharge plasma to stabilize. After the twenty second warm-up period, the high voltage is applied and the throttling algorithm adjusts the beam current to the proper value. Power supply setpoints are restricted to those assigned to power level 1 in the throttling Finally, the throttle up time from startup to steady state operation at high power was characterized to determine the total amount of time necessary to start a "cold" thruster.
Results and Discussion
A large amount of data was generated while the FIT was being conducted. For brevity, only the data at 100 VDC BBPPU input and selected fault recovery data will be presented here. The data at 100 VDC input were typical of all of the data collected. Following the thruster start, the flow rate to the thruster was reduced from the full power setpoint to the power level 1 setpoint. The flow adjustment was completed in approximately 38 seconds. Figure 5 shows a strip chart record of the thruster parameters during the flow adjustment. As expected, the discharge voltage rose with the flow rate reduction, and the accelerator impingement current was reduced. The beam current showed a modest deviation of 50 mA during this period. This deviation was largely due to the rapid change in thruster flow rate, which was at least one order of magnitude faster than would be expected with the flight system.
Throttling from power level 1 to 2, shown in Figure 6 , did not involve any adjustments to the thruster flow.
The After completing the 120 VDC input cases, the thruster was shut down, and the electrical lead to the neutralizer keeper lead was removed. The BBPPU was then commanded to start the thruster. The neutralizer failed to ignite and the BBPPU recycled back and re-entered the cathode heat period. After three attempts to light the thruster, the BBPPU sent the appropriate failure message to the data terminal and shut down. Following the shutdown, the neutralizer keeper lead was attached.
The thruster was restarted and throttled up to power level 10. While the thruster was operating in the steady state mode, the input voltage to the BBPPU was varied from 80 -120 VDC in 20 seconds.
No disceruable effects on the thruster were noted. The input voltage was returned to 100 VDC and a shorting bar was applied from the thruster anode to the facility ground. The reaction of the BBPPU shown in Figure 9 . While the anode was shorted to ground, the BBPPU recycled and attempted to return to the steady state. Each time the high voltage was applied to the thruster, large beam and accelerator currents resulted due to the short, forcing the BBPPU to recycle again. Approximately twenty recycles occurred. During this time period, the discharge current remained at the 4A recycle cutback level and was stable. Similarly, the neutralizer keeper current was unaffected by the thruster fault. When the fault was cleared, the beam current returned to its value prior to the fault without overshoot. Further investigation showed that the diode was of marginal rating and was replaced with a more appropriate device. Following the diode replacement, the neutralizer keeper current returned to normal as shown in Figure 12 .
Following the diagnosis and repair of the neutralizer keeper power supply, it was suspected that the discharge power supply had suffered a similar fault. The discharge current waveform was expected to be similar to that of the neutralizer keeper current, with a peak-to-peak amplitude of 500mA at full power. However, as shown in Figure 12 , the discharge current was sinusoidal in shape. Further, the magnitude of the oscillation was 2Ap_p at full power. Inspection of the start circuit revealed no failures. Subsequently, a circulating current was discovered in bypass capacitors which were installed from the outputs of the BBPPU to ground to eliminate common mode noise from the telemetry and microcontroUer interface circuits. When these capacitors were appropriately isolated from the thruster with resistors, the circulating current no longer flowed and the discharge current returned to normal.
Conclusions
The 
